Objective: Curative gastric cancer surgery entails removal of the primary tumor with adequate margins including regional lymph nodes. European randomized controlled trials with recruitment in the 1990's reported increased morbidity and mortality for D2 compared to D1. Here, we examined the extent of lymphadenectomy during gastric cancer surgery and the associated risk for postoperative complications and mortality using the strengths of a population-based study.
Introduction
Despite its decreasing incidence, gastric cancer worldwide maintains its lethal impact representing the third most common cause of death among malignant diseases (1) .
Radical surgical resection of the tumor and surrounding lymph node stations is the mainstay of curative treatment. The extent of lymphadenectomy is subdivided into category D0, D1, D1+ and D2 according to the third version of the Japanese Gastric Cancer Association (JGCA) treatment guidelines (2) . For routine surgical practice, the extent of lymphadenectomy has been debated between Eastern and Western therapeutic traditions (3) . The outcomes of three European randomized trials had a significant impact on current surgical tradition in the West (4-6). None of these trials could show an overall survival benefit of D2 lymphadenectomy. The lack of superiority might to a large extent be explained by high postoperative mortality following D2 dissection in the first two trials, and also by major problems with procedure compliance (less extensive lymphadenectomy required in the D2 arm) as well as contamination (more extensive lymphadenectomy required in the D1 arm) in all three trials. In the Italian trial (6), a significant proportion (33%) of enrolled patients had early gastric cancer, where the impact of D2 on survival is questionable. On the other hand, a Taiwanese randomized controlled trial (RCT) comparing D1 vs. an extended lymphadenectomy, equivalent to current D2 classification, was able to demonstrate a survival benefit for extended lymphadenectomy (7) . This was also supported by a European subgroup and post hoc analysis with follow-up beyond 5 years, suggesting a gender-dependent survival benefit for D2 lymphadenectomy as well as in cases with regional lymph node metastatic disease (8) .
A recent meta-analysis (9) concluded that in western patients, evidence now supports use of D2 rather than D1 lymphadenectomy. The risk of more extensive lymphadenectomy is allegedly a higher frequency and severity of postoperative complications (10, 11) , even suggesting that operative mortality and morbidity may outweigh the potential oncological benefit of D2 lymphadenectomy. However, these European RCTs (4, 5) were conducted almost two decades ago and since then perioperative management and surgical technique including the introduction of pancreas-and spleenpreserving D2 techniques, have improved substantially (12) . The latest European RCT (13) , accordingly demonstrated lower postoperative mortality and morbidity after D2 lymphadenectomy compared to the older trials (10, 11) , which might better reflect modern surgical standards.
Well-designed RCTs have strong internal validity and are considered as the golden standard method in investigational medicine. Nonetheless, RCTs have some weaknesses of which a potential lack of external validity, i.e. shortcomings in generalizability to routine clinical practice is the most important. To address the risk of postoperative mortality and morbidity in routine clinical practice following different extent of lymphadenectomy (D0-D2) we conducted a population-based cohort study including the entire population of Sweden.
Materials and methods

Study design
The population-based study cohort was recruited from prospectively collected data in the National Register of Esophageal and Gastric Cancer (NREV) covering all gastric cancer resections performed in Sweden between January 1, 2006 and December 31, 2013. Exposure data were also collected from other nationwide health care registers. Patients were divided into three groups regarding extent of lymphadenectomy in association with gastrectomy (see definition below). The cohort was followed up until emigration, death or end of study period (December 31, 2013), whichever came first.
Study population
All patients that underwent gastric resection due to adenocarcinoma or undifferentiated cancer in the stomach or gastro-esophageal junctional cancer Siewert III [International Statistical Classification of Disease and Related Health Problems (ICD) 10th version, C16.1-9 and C16.0C] during the study period were included. Comprehensive classification of the extent of lymphadenectomy required exclusion of cases involving: local excisions, pylorus-preserving and proximal gastrectomy, previous gastric surgery cases, unclear surgical procedures, or patients with palliative resections.
Compliance with ethical standards
This article does not contain any studies with human or animal subjects performed by any of the authors, and thus formal informed consent is not required. This study has been approved by the Regional Ethics Committee (EPN Stockholm Dnr: 2013/596-31/3) and conforms to the Declaration of Helsinki.
Lymphadenectomy
Extent of lymphadenectomy was determined according to the JGCA Treatment Guidelines version 3 (2), as either D0, D1, D1+ or D2. Classification was based on the resected nodes as reported by the surgeon. Exceptions were made for total gastrectomy where the procedure was classified as D2 even if lymph node station 10 was not dissected. For distal gastrectomy, the procedure was accepted as D1 even if lymph node stations 1 and 7 were not dissected. We combined D1+ and D2 gastrectomy, since the D1+ group was relatively small in this cohort and the lymphadenectomy is more similar to the D2 procedure than to D1.
Data sources
NREV
NREV is a national quality register operational since 2006. It covers all gastric and esophageal cancer cases in Sweden and is used for national quality assurance for the diagnosis and treatment of esophageal and gastric cancer. All Swedish institutions detecting or treating gastric cancer report to the register. The reports are monitored by Sweden's six regional oncological centers and collected into the NREV. Detailed information regarding diagnostic work-up, surgical treatment and postoperative follow-up is available. After surgery, the surgeon, typically the consultant surgeon, registers if the performed resection was done with curative, borderline curative/palliative, or palliative intent. Registration of complications following surgery is done at follow-up appointment, and covers complications occurring within 30 d after surgery ( Table 1) . Pathological tumor stage was classified according to the Union for International Cancer Control (UICC) TNM classification system, version 7 (14) . Hospital volume was defined as the mean annual number of gastric cancer resections at each respective hospital during the study period and arbitrarily categorized into low, intermediate, moderately high, or high volume (0-<5, 5-<10, 10-<15 and ≥15 cases per year, respectively). In Sweden, the annual volume of gastric cancer resections for most hospitals is generally very low, and cut-off limits for the reported hospital volumes were therefore arbitrarily chosen and not according to expert consensus recommendations (15) . The register has recently been evaluated, finding completeness of more than 95% and high validity of individual data (16) .
National Register of Education, Emigration Register and Death Register
Information regarding educational status was collected from Sweden's National Register of Education. The level of education of the patients was categorized as ≤9 years, 10-12 years, or >12 years of education. Information on emigration was collected from the Emigration Register. Time of death was gathered from the Death Register.
National Patient Register
The National Patient Register, which was initiated in 1964, is administrated by the National Board of Health and Welfare. It has had complete coverage of inpatient data in Sweden since 1987, and of specialized outpatient data since 2001 (17) . This register contains the main diagnosis and up to 18 secondary diagnoses from each hospital admission event. The National Patient Register was used to obtain Charlson comorbidity index.
Statistical analysis
Continuous variables were analyzed with analysis of variance (ANOVA), and non-parametric analysis was performed with the Kruskall-Wallis test. The Chi-square test and Fisher's exact test were used for categorical variables and multivariable logistic regression for multivariable analysis. Tests were two-sided and statistical significance level set at 0.05. Associations between extent of lymphadenectomy and postoperative complications and mortality were tested in a multivariable model, calculating odds ratio (OR) with a 95% confidence interval (95% CI). The models were constructed by a stepwise simple testing of all relevant potential confounding factors, and thereafter including the variables in the final model that were statistically significantly associated or defined as standard confounding variables for the association. Final multivariable model included patient-and tumor-related factors: age (categorized into <60, 60-69, 70-79, and ≥80 years), body mass index (BMI) (categorized into quartiles), gender, American Society of Anesthesiologists (ASA) score (1-4), Charlson comorbidity index (categorized into 0-2 and ≥3), pathological tumor stage (categorized as stage 0/1, 2, 3, and 4), and treatment-related factors: surgical procedure, multivisceral resection, hospital volume and calendar year. All analyses were done using IBM SPSS Statistics (Version 22.0; IBM Corp., New York, USA).
Results
From 2006 to 2013, a total of 4,128 cases of adenocarcinoma of the stomach including cancer of the gastric cardia Siewert type III were registered in NREV. The tumor was resected in 1,494 (36%) patients, of which 1,140 (76%) were considered curative or borderline curative/palliative procedures by the surgeon. Thirty-nine cases were excluded, comprising local excisions (n=14), previous gastric resection (n=7), proximal or pyloruspreserving central gastrectomy (n=19), and unknown surgical procedure (n=1) (some cases fit into more than one group). Thus, 1,101 cases remained for final analyses (Figure 1) . Basic characteristics are shown in Table 2 .
Three hundred and forty-nine (31.7%) surgical procedures were classified as D0, 494 (44.9%) as D1 and 258 (23.4%) as D1+/D2. A statistically significant difference in the number of lymph nodes retrieved during gastric cancer surgery was found between different categories of lymphadenectomy (P<0.001) ( Table 3) . A trend was recognized to indicate that those who received a D1+/D2 lymphadenectomy were younger (P<0.001), had more advanced disease (P=0.032), had received neoadjuvant chemotherapy (P<0.001), had surgery in more recent years (P<0.001), or had surgery in a University Hospital (P<0.001) ( Table 2 ). In total 48 patients had stage IV disease ( Table 2) , and they are classified as curative intent since the procedure was initially performed as a curative procedure and perioperatively isolated omental/peritoneal lesion was resected with pathological finding of metastases. There were a total of 146 patients with unknown tumor stage. All these patients have M0 disease but either unknown T or N stage.
After surgery, 31 (2.8%) patients died within 30 d and 65 (5.9%) within 90 d ( Table 4 ). The highest postoperative mortality was observed after D0, and the lowest after D1 lymphadenectomy. A D1+/D2 lymphadenectomy was associated with a higher frequency of any kind of complication (P=0.017), pulmonary embolism (P=0.003), and the need for postoperative anastomotic stenting (P=0.017), as compared to D0 lymphadenectomy. Simple logistic regression identified that extent of lymphadenectomy, age, gender, tumor stage, ASA score, hospital volume, hospital type, calendar year, surgical procedure, bleeding, operative time and multivisceral resection were significant risk factors for overall postoperative complication. Bleeding, operative time and hospital type were not included in the final multivariable model due to high number of missing information (bleeding and operative time) and variables not significantly affecting the adjusted point estimates when tested in the model (hospital type). Due to the relatively high number of missing data in tumor stage, a sensitivity analysis was performed and it did not affect the main results significantly (data not shown). After analysis in the multivariable model we found that more extensive lymphadenectomy no longer remained as a significant risk factor for postoperative morbidity ( Table 5) . Regarding postoperative 90-d mortality, multivariable logistic regression identified a lower mortality risk when comparing D1 with D0, but no difference between D1+/D2 and D0, or between D1 and D1+/D2 ( Table 5) .
Discussion
This nationwide population-based, observational study found large differences in the extent of lymphadenectomy during curative intended gastric cancer surgery in routine clinical practice in Sweden from 2006 to 2013. A substantial number of these patients (32%) underwent a resection without any meaningful lymphadenectomy (D0). The majority of D1+/D2 dissections were done in university hospitals and during the latter part of the study period. After adjustment for confounding variables there remained no association between the extent of lymphadenectomy and the risk for postoperative complications or mortality. During the last decade, a worldwide consensus has been reached that D2 lymphadenectomy is recommended as the curative procedure for a non-early gastric cancer. In the pivotal RCT addressing the value of D2 lymphadenectomy (4), a subsequent analysis demonstrated a clear advantage for D2 confined to certain subgroups of patients. Followup analysis revealed increased gastric cancer-related death for the D1 group compared to D2, a difference which did not become apparent until 15 years of follow-up (8). Our observations contrast to the results presented in the two of the European RCTs showing that postoperative complications were more common after D2 dissection compared the more limited D1 (43%-46% vs. 25%-28%, respectively) (10, 11) , while, in the latest RCT from Taiwan, China postoperative complication rates were reported as low as 17.9% in the D2 and 12.0% in the D1 group (13) . The differences in results may be explained by differences in study design, surgical technique and availability of some potential confounding factors. There is a gap in the literature concerning population-based results after gastric cancer surgery. we herein report on nationwide data from Sweden, where a substantial proportion of lymphadenectomies were still performed less extensively than D2 during the study period; a finding that is most likely to be found in many western countries where gastric cancer surgery has not yet been centralized. A high surgical volume of extensive surgical procedures has been shown to render less postoperative comorbidity and mortality (18, 19) . High volume hospitals in Sweden resected 204 gastric cancers of which 134 (66%) were D1+/D2 while the corresponding numbers for low-volume hospitals were 370 resections and 34 (9%) D1+/D2. The low proportion of D1+/D2 (21%) in distal gastrectomy noted in this study was mainly due to an avoidance of resecting station 1 and 7.
A corresponding high frequency of D0 was also reported in the American Intergroup study covering the period 1991-1998, where as many as 54% of patients had a D0 dissection (20) . This study's results support that more extensive lymphadenectomy does not increase postoperative morbidity or mortality in real life and that there is ample room for quality improvements in the surgical care of patients with gastric cancer (21, 22) . The main advantage of this study is the nationwide, population-based study design offering a unique and large sample size of prospectively collected unselected data. This minimizes the risk of limited external validity that can be seen in randomized trials restricting the study population by inclusion and exclusion criteria. The completeness of the register can adequately and reliably present the actual circumstances and results of routine health care in the entire nation. The registered data within the NREV have recently reported a completeness of over 95% and an accuracy of more than 90% (16) . The specific lymph node stations in the surgical specimen were stated by the reporting surgeon, which should add quality assurance. Based on these reports a retrospective and uniform categorization of the extent of lymphadenectomy grade was performed according to the third version of JGCA Treatment Guidelines (2). We observed a good correlation between the total number of lymph nodes retrieved and the designated lymphadenectomy category. This observation supports the notion that our classification truly represents the different lymphadenectomy categories. The number of lymph nodes in the specimen according to the pathology report is also in accordance with previous randomized trials on D2 gastrectomy (4-6).
Despite the strength of the size and completeness of the register, there are some inherent limitations. Some baseline characteristics of the enrolled patients, such as smoking, alcohol use, diet or change in weight prior to surgery, were not available. Treatment information such as neoadjuvant oncological therapy was only registered as the intention to give neoadjuvant treatment, but detailed information was lacking on what type and extent of chemotherapy individual patients actually received. Most patients in Sweden, during the studied time period, received regimens containing epirubicin, cisplatin and fluorouracil (ECF), according to the Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) protocol (23) , as well as subsequent modifications of the regime with oxaliplatin and oral capecitabine replacing cisplatin and fluorouracil. A small number of patients received preoperative chemotherapy combined with postoperative chemotherapy or chemoradiotherapy as part of the Chemoradiotherapy after Induction chemotherapy in Cancer of the Stomach (CRITICS) trial (24) .
Definition of postoperative complications ( Table 1 ) was according to a national consensus, since at the time of the launch of the NREV in 2006 there were no such international guidelines. The Clavien-Dindo classification (25) was added to the NREV in 2012. The current classification of postoperative complications should harmonize with higher or equal to Clavien grade III. The risk of underreporting is minimal as complications are routinely reported during the one month follow up appointment. In our multivariable analysis of postoperative complications, minimal invasive surgery or enhanced recovery after surgery (ERAS) was not assessed, as these management strategies had not yet been introduced in Sweden for gastric cancer. In the multivariable analysis of 90-d mortality, the total number of events was only 65 and the event per variable is 6.5. Thus the results must be interpreted with some caution. The variables were selected in the model as they are either biologically important confounders or found to be significant risk factors in simple logistic regression for overall complication rate. It was noteworthy that both 30-and 90-d mortality rates were the highest in the D0 group, potentially reflecting residual confounding, in spite of adjusting for hospital volume, preoperative risk and comorbidity.
Conclusions
This prospective, nationwide register-based study demonstrates that the majority of gastrectomy in Swedish daily clinical practice from 2006 to 2013 contained a limited lymphadenectomy (D0 and D1). An extended lymphadenectomy, D1+ or D2 was, however, not associated with an increased risk of postoperative morbidity or mortality.
